Introduction
Lactococcus lactis cremoris (L. lactis cremoris) is a facultative anaerobic Gram-positive coccus. This organism was previously classifi ed as streptococcus but was transferred to the genus Lactococcus in 1985. It is a commensal organism of mucocutaneous surfaces of cattle and is occasionally isolated from human mucocutaneous surfaces. It is an important organism in the process of making dairy products including fermented milk, sour cream, and cheese. Although L. lactis cremoris is commonly considered to be non-pathogenic for immunocompetent adults, human infections have been noted recently. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Infection in the central nervous system is very rare and only 3 cases of brain abscess have been reported. 1, 6, 16) To our knowledge, this is the fi rst report of L. lactis cremoris infection presenting with subdural empyema.
Case Report
A 33-year-old man presented with fever, right facial pain, gait disturbance, and left visual fi eld defect. He was diagnosed with trigeminal neuralgia and given carbamazepine and non-steroid anti-infl ammatory drugs; however, his headache gradually worsened and he was referred to our hospital 10 days after onset. He had multiple dental caries and sinusitis, which were both untreated. On neurological examination he was alert (Glasgow Coma Scale [GCS] = 15), but had nuchal rigidity, left hemiparesis, and left hemianopsia. Body temperature was 37.8°C. White blood cell count was 16,100/mm 3 and serum C-reactive protein (CRP), was 26.3 mg/dl on admission. Computed tomography (CT) demonstrated iso-intensity fl uid collection in the right falcotentorial subdural space. Magnetic resonance (MR) images revealed a high signal lesion on a diffusionweighted image (DWI) and fl uid attenuated inversion recovery (FLAIR) images in the right paratentorial and parafalcine subdural space, right maxillary sinus, and bilateral ethmoidal sinus (Fig. 1) .
The patient was diagnosed with subdural empyema and underwent emergent surgery for empyema removal and decompression (Fig. 2) . Right occipital craniotomy with the patient in the prone position was chosen as the surgical approach in order to access the falcotentorial area where pus collection was the thickest. Intracranial pressure was high, and yellowish white pus fl owed out from the falcotentorial space. The medial side of the right occipital lobe was edematous due to infl ammation. The empyema was evacuated and washed as much as possible. The empyema along the frontal falx remained. There was
CASE REPORT
Neurol Med Chir (Tokyo) 54, [341] [342] [343] [344] [345] [346] [347] 2014 no obvious erosion in the bone fl ap, but it was removed because the infection might have extended to the bone. The wound was closed with subdural drainage. After the procedure, empirical antibiotic therapy was started with meropenem 6 g/day. A gamma globulin agent, glyceol, and phenytoin were also administered. Left hemiparesis improved after surgery, but left hemianopsia, headache, and nuchal rigidity remained.
Culture of the drained pus and venous blood yielded L. lactis cremoris, which was sensitive to ampicillin. For species identifi cation, biological tests based on the Rapid ID 32 strep Api kit (SYSMEX bioMérieux Co., Ltd., Tokyo) were used. We de-escalated the antibiotics by changing meropenem to ampicillin 8 g/day.
Follow-up magnetic resonance imaging (MRI) 6 days after surgery demonstrated an increase of empyema in the fronto-parietal area (Fig. 3) , and the patient complained of aggravated headache. We therefore decided to perform a second surgery for removal and drainage. Right frontoparietal craniotomy was performed with the patient in the supine position (Fig. 4) . Remaining subdural empyema along the falx was evacuated and irrigated as much as possible, and a bone fl ap was removed for the same reason as in the initial surgery. Most of the subdural empyema along the falx was removed (Fig. 5) .
Dental examination showed multiple dental caries. Tooth 2 (Wisdom tooth) was considered to have caused maxillary sinusitis and was extracted. Otolaryngological examination showed purulent nasal discharge fi lling the right nasal cavity and bilateral nasal polyps. The patient was diagnosed with deteriorated chronic sinusitis extending from dental caries and was treated conservatively with clarithromycin.
Chest X-ray showed normal fi ndings. CT from the neck to pelvis demonstrated no abdominal abscess or other abnormal fi ndings except for asymptomatic liver hemangiomas. Echocardiography showed no vegetation and no gurgitation. Cerebral angiography showed no aneurysms. Serological screening for hepatitis B virus, hepatitis C virus, syphilis, and human immunodefi ciency virus (HIV) was negative.
A week after the second surgery, CT demonstrated a low density area in the right temporal and lobe, which showed high intensity on MRI FLAIR images and iso intensity on DWI (Fig. 5) . Secondary encephalitis due to subdural empyema was suspected, but the patient showed no worsening of symptoms or new symptoms. Antibiotic therapy was continued and the temporal lesion gradually 7 cases of infective endocarditis and 3 cases of liver abscess ( Table 1) . As for intracranial infection, only 3 cases of brain abscess have been reported. 1, 6, 16) The reason why L. lactis cremoris could be pathogenic to humans is still unknown. In some previous reports, its infection was associated with a history of exposure to unpasteurized dairy products or immunodefi ciency. Among the 19 cases we reviewed, exposure to unpasteurized dairy products was seen in 8 cases, 3, 5, 7, 9, [15] [16] [17] [18] and immunodefi ciency was seen in 4 cases. 5, 9, 10, 17) The route of L. lactis cremoris infection is also not well-understood. In six previous reports the patient had undergone dental surgery or had dental caries before admission. 1, 9, 10, 15, 18, 19) In a case of cerebellar abscess, 1) L. lactis cremoris was identifi ed both from a cerebellar abscess and in the oral cavity, but was not identifi ed from blood culture; therefore, direct extension from the oral cavity was considered to be the infection route. The dental history might be important to understand the L. lactis cremoris infection route.
diminished. Ampicillin administration was continued for 4 weeks and then stopped because drug eruption was suspected, and was followed by oral clarithromycin which was continued for 2 weeks subsequently. Six weeks after admission, the patient was discharged with no residual neurological defi cit. The FLAIR high intensity lesion had completely disappeared on MRI 2 months after discharge (Fig. 6 ).
Discussion
L. lactis cremoris is an important organism in the process of making dairy products such as cheese and other fermented milk products. It is a commensal organism of mucocutaneous surfaces of cattle, and is occasionally isolated from human mucocutaneous surfaces. It is considered nonpathogenic in humans; however, some human infections have been reported recently and its pathogenic potential is becoming apparent. To our knowledge, 19 cases have been reported in the literature, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] including 
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To our knowledge, this is the fi rst report of subdural empyema due to L. lactis cremoris. Our patient had no history of unpasteurized milk exposure or immunodefi ciency, but he had multiple dental caries and sinusitis, which were both untreated. L. lactis cremoris was identifi ed from subdural empyema and blood culture on admission. Cultures from the oral cavity and nasal mucosa were performed after starting antibiotic therapy and L. lactis cremoris was not identifi ed from these cultures. Two infection routes were considered for our case: hematogenous infectious extension from the oral cavity and direct extension from the oral cavity to the skull base via the paranasal sinus. Although the former route was suspected from bacteremia, the latter was more likely, because the subdural empyema was localized adjacent to the infectious lesions. Dental caries might have caused sinusitis due to L. lactis cremoris fi rst and then subsequently extended to subdural empyema.
Subdural empyema is a rare intracranial infection usually occurring subsequent to sinusitis, otitis media, mastoiditis, or operative infection. In most cases it affects young male patients who are otherwise healthy. 20, 21) It is a true neurosurgical emergency that may evolve rapidly and cause transtentorial herniation. Early diagnosis with aggressive medical and surgical management can lead to a good outcome. 21) Isolated medical management is less successful and surgical intervention should be performed without delay. 21, 22) The goals of surgical intervention are decompression of the brain and complete evacuation of pus. There is controversy regarding the preferred surgical intervention-craniotomy versus burr hole surgery. 22, 23) Both procedures should be considered depending on the location of empyema and the patient's condition. Repeated surgery is often required for new collections of subdural empyema, and there is a report that reoperation was performed in about one-third of the patients. 22) In our case, we chose craniotomy as the initial procedure because of its safe and easy approach into the falcotentorial subdural space and thorough irrigation. A second craniotomy was performed immediately to remove the increased remnant subdural empyema in the anterior interhemisphere for the same reason. Immediate repeated surgery and appropriate use of sensitive antibiotics could successfully treat this rare and severe subdural empyema.
Conclusion
We experienced a rare case of subdural empyema due to L. lactis cremoris. In this case, with untreated dental caries and chronic sinusitis, L. lactis cremoris in the oral mucosa might have extended to the subdural space. Emergent initial surgery, frequent imaging follow-up, repeated surgery for enlarged empyema, and appropriate use of sensitive antibiotics could lead to a good outcome.
